ELECTRONIC COMMERCE SYSTEM, COMMODITY PURCHASE ASSISTANCE 
METHOD, AND COMMODITY PURCHASE ASSISTANCE APPARATUS 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] The present application claims priority from 
Japanese Application Nos . 2001-16128 filed January 24, 2001 
and 2002-01526 filed January 8, 2002, the disclosures of which 
are hereby incorporated by reference herein. 
BACKGROUND OF THE INVENTION 

[0002] The present invention relates to a system that 
allows a user to obtain, via a Web system, exact and detailed 
information of a commodity selected by the user. 
[0003] In a conventional technique, when one purchases a 
commodity such as furniture via a Web system (an electronic 
commerce system) , one has to decide whether to purchase the 
commodity only on the basis of an image of the commodity. 
[0004] In the case where a commodity such as furniture is 
purchased via an electronic commerce system after making a 
decision on the basis of only an image thereof, there is a 
possibility that the furniture is too big to place it in a 
room or the color or the design does not match the room. Thus, 
there is a possibility that the purchaser has to endure the 
troublesome job of sending the commodity back to the seller. 
In this case, trouble may occur between the purchaser and the 
seller. 

SUMMARY OF THE INVENTION 

[0005] In view of the above, it is an object of the present 
invention to provide a system that allows a user to know the 
details of a commodity selected by the user and to see how the 
commodity looks when the commodity is placed in a background 
selected by the user. 

[0006] According to an aspect of the present invention, 
there is provided an electronic commerce system, including a 
user terminal operable by a user and including a display; a 
first storage unit operable to store image data of commodities 
for sale to the user; a second storage unit operable to store 
image data of backgrounds; a first acquisition unit operable 
to acquire content data of one of the commodities and one of 
the backgrounds selected by the user via the user terminal; a 
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second acquisition unit operable to acquire image data of the 
one commodity from the first storage unit and image data of 
the one background from the second storage unit; a graphics 
unit operable to produce a display image by combining an image 
of the one commodity created from the image data of the one 
commodity and an image of the one background created from the 
image data of the one background; and a supply unit operable 
to supply the display image to the user terminal, thereby 
enabling the display image to be displayed on the display. 

[0007] In this electronic commerce system according to the 
present invention, the graphics unit may include a unit for 
incorporating a scale image into the display image. 

[0008] In this electronic commerce system according to the 
present invention, the graphics unit may include a unit for 
rotating the image of the one commodity. 

[0009] In this electronic commerce system according to the 
present invention, the graphics unit may include a unit for 
changing a viewpoint for the image of the one commodity. 
[0010] The electronic commerce system according to the 
present invention may further include another acquisition unit 
operable to acquire from the user terminal custom image data 
of a background prepared by the user and to store the custom 
image data in the second storage unit. 

[0011] The electronic commerce system according to the 
present invention may further include an adjustment unit 
operable to adjust a scale of the custom image data prepared 
by the user. 

[0012] In this electronic commerce system according to the 

present invention, the user terminal may be a mobile 
communication terminal. 

[0013] According to another aspect of the present invention, 
there is provided an electronic commerce system, including a 
user terminal operable by a user and including a display; and 
a commodity purchase assistance apparatus connected to the 
user terminal via a network, the commodity purchase assistance 
apparatus including a first storage unit operable to store 
image data of commodities for sale to the user; a second 
storage unit operable to store image data of backgrounds; a 
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first acquisition unit operable to acquire content data of one 
of the commodities and one of the backgrounds selected by the 
user via the user terminal; a second acquisition unit operable 
to acquire image data of the one commodity from the first 
storage unit and image data of the one background from the 
second storage unit; a graphics unit operable to produce a 
display image by combining an image of the one commodity 
created from the image data of the one commodity and an image 
of the one background created from the image data of the one 
background; and a supply unit operable to supply the display 
image to the user terminal, thereby enabling the display image 
to be displayed on the display. 

[0014] In this electronic commerce system according to the 
present invention, the commodity purchase assistance apparatus 
may further include a unit operable to allow the commodity 
purchase assistance apparatus to function as a server. 
[0015] In this electronic commerce system according to the 

present invention, the user terminal may further include a 
transmitter unit operable to transmit to the commodity 
purchase assistance apparatus a request to purchase a 
commodity corresponding to the display image displayed on the 
display. 

[0016] In this electronic commerce system according to the 

present invention, the commodity purchase assistance apparatus 
may further include a unit operable to make an arrangement for 
delivering the commodity when the request for purchasing the 
commodity is transmitted thereto from the user terminal. 
[0017] According to another aspect of the present invention, 
there is provided an electronic commerce system, including a 
user terminal operable by a user and including a display; a 
first storage unit operable to store image data of commodities 
for sale to the user; a second storage unit operable to store 
image data of backgrounds; and a commodity purchase assistance 
apparatus connected to the user terminal and the first and 
second storage units via a network or a cable, the commodity 
purchase assistance apparatus including a first acquisition 
unit operable to acquire content data of one of the 
commodities and one of the backgrounds selected by the user 
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via the user terminal; a second acquisition unit operable to 
acquire image data of the one commodity from the first storage 
unit and image data of the one background from the second 
storage unit; a graphics unit operable to produce a display 
image by combining an image of the one commodity created from 
the image data of the one commodity and an image of the one 
background created from the image data of the one background; 
and a supply unit operable to supply the display image to the 
user terminal, thereby enabling the display image to be 
displayed on the display. 

[0018] According to still another aspect of the present 
invention, there is provided a commodity purchase assistance 
apparatus connected via a network to a user terminal operable 
by a user and including a display, the commodity purchase 
assistance apparatus including a first storage unit operable 
to store image data of commodities for sale to the user; a 
second storage unit operable to store image data of 
backgrounds; a first acquisition unit operable to acquire 
content data of one of the commodities and one of the 
backgrounds selected by the user via the user terminal; a 
second acquisition unit operable to acquire image data of the 
one commodity from the first storage unit and image data of 
the one background from the second storage unit; a graphics 
unit operable to produce a display image by combining an image 
of the one commodity created from the image data of the one 
commodity and an image of the one background created from the 
image data of the one background; and a supply unit operable 
to supply the display image to the user terminal, thereby 
enabling the display image to be displayed on the display. 
[0019] In this commodity purchase assistance apparatus 
according to the present invention, the graphics unit may 
include a unit for incorporating a scale image into the 
display image. 

[0020] In this commodity purchase assistance apparatus 

according to the present invention, the graphics unit may 

include a unit for rotating the image of the one commodity. 

[0021] In this commodity purchase assistance apparatus 

according to the present invention, the graphics unit may 
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include a unit for changing a viewpoint for the image of the 
one commodity. 

[0022] The commodity purchase assistance apparatus 
according to the present invention may further include another 
acquisition unit operable to acquire from the user terminal 
custom image data of a background prepared by the user and to 
store the custom image data in the second storage unit. 
[0023] The commodity purchase assistance apparatus 
according to the present invention may further include an 
adjustment unit operable to adjust a scale of the custom image 
data prepared by the user. 

[0024] In this commodity purchase assistance apparatus 

according to the present invention, the image data of the one 
background may be stored in advance in the second storage unit 
or supplied from the user terminal. 

[0025] The commodity purchase assistance apparatus 
according to the present invention may further include a unit 
operable to allow the commodity purchase assistance apparatus 
to function as a server. 

[0026] According to still another aspect of the present 

invention, there is provided a terminal operable by a user, 
the terminal being connected via a network to a storage device 
operable to store image data of commodities for sale to the 
user and to store image data of backgrounds, the terminal 
including a display; a unit operable by the user to select one 
of the commodities and one of the backgrounds; an acquisition 
unit operable to acquire image data of the one commodity and 
image data of the one background from the storage device; a 
graphics unit operable to produce a display image by combining 
an image of the one commodity created from the image data of 
the one commodity and an image of the one background created 
from the image data of the one background; and a unit operable 
to display the display image on the display. 

[0027] According to still another aspect of the present 
invention, there is provided a terminal operable by a user, 
the terminal being connected via a network to a storage device 
operable to store image data of commodities for sale to the 
user, the terminal including a display; a storage unit 
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operable to store image data of backgrounds; a unit operable 
by the user to select one of the commodities and one of the 
backgrounds; an acquisition unit operable to acquire image 
data of the one commodity from the storage device and image 
data of the one background from the storage unit; a graphics 
unit operable to produce a display image by combining an image 
of the one commodity created from the image data of the one 
commodity and an image of the one background created from the 
image data of the one background; and a unit operable to 
display the display image on the display. 

[0028] According to still another aspect of the present 
invention, there is provided a method using a computer for 
assisting a user in purchasing a commodity, the method 
including acquiring content data of a particular commodity and 
a background selected by the user via a user terminal; 
acquiring image data corresponding to the particular commodity 
and image data corresponding to the selected background from a 
storage unit; producing a display image by combining an image 
of the particular commodity and an image of the selected 
background from the acquired image data; and displaying the 
display image on a display of the user terminal. 
[0029] The commodity purchase assistance method according 
to the present invention may further include storing image 
data of a background prepared by the user in the storage unit. 
[0030] The commodity purchase assistance method according 

to the present invention may further include adjusting a scale 
of the image data of the background prepared by the user. 
[0031] According to still another aspect of the present 
invention, there is provided a commodity purchase assistance 
apparatus, including a commodity information database; means 
for producing a composite image by combining an image of a 
commodity and an image of a background in accordance with 
information about the commodity and the background selected by 
a user based on the database; and means for supplying the 
composite image via a network to a terminal operable by the 
user, thereby enabling the composite image to be displayed on 
a display of the terminal. 

[0032] According to still another aspect of the present 
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invention, there is provided an electronic commerce system 
having a commodity purchase assistance capability, including a 
server including a commodity information database, and means 
for producing a composite image by combining an image of a 
commodity and an image of a background in accordance with 
information about the commodity and the background selected by 
a user based on the database; and a terminal operable by the 
user to view the composite image and to transmit a reguest to 
purchase the commodity. 

[0033] According to still another aspect of the present 
invention, there is provided an electronic commerce system 
having a commodity purchase assistance capability and having a 
first apparatus connected to a network and a second apparatus 
connected to the network and operable by a user, wherein the 
first apparatus includes means for producing a composite image 
by combining an image of a commodity and an image of a 
background; means for transmitting the composite image to the 
second apparatus; and means for producing information needed 
to make an arrangement for delivering the commodity to the 
user in response to a request from the user for purchasing the 
commodity . 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0034] Fig. 1 is a block diagram illustrating an electronic 

commerce system according to an embodiment of the present 
invention; 

[0035] Fig. 2 is a diagram illustrating a commodity 
information database; 

[0036] Fig. 3 is a diagram used to explain a texture 

database ; 

[0037] Fig. 4 is a diagram used to explain a purchase 
history; 

[0038] Fig. 5 is a diagram used to explain an example of a 

browser screen used to select a commodity; 

[0039] Fig. 6 is a diagram used to explain an example of a 
browser screen used to display a selected commodity and a 
selected background; and 

[0040] Fig. 7 is a flow chart used to explain a commodity 

purchase assistance process. 
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DETAILED DESCRIPTION 

[0041] The present invention is described in further detail 
below with reference to preferred embodiments in conjunction 
with the accompanying drawings. 

[0042] Fig. 1 is a block diagram illustrating an electronic 
commerce system according to an embodiment of the present 
invention. A server 1 is connected to user terminals 4-1 to 
4-N and vendor terminals 5-1 to 5-N via a network 3. The 
server 1 is also connected to a graphics engine 2. The 
graphics engine 2 may be incorporated in the server 1. 
[0043] In accordance with object data of a commodity 

supplied from the server 1, that is, in accordance with vertex 
coordinate information of polygons representing an image of 
the commodity, viewpoint information indicating the viewpoint 
from which the object is viewed, and texture information 
associated with the commodity, the graphics engine 2 generates 
a commodity image having a pattern such as a texture pattern. 
The graphics engine 2 combines the image data, a scale image 
and texture data indicating a background supplied from the 
server 1 into a final image. The graphics engine 2 is capable 
of rotating, expanding, or reducing a 3-dimensional image of a 
commodity thereby providing, for example, a change in the 
viewpoint associated with the image of the commodity. 
[0044] The user terminals 4-1 to 4-N are used to display 
the final image supplied from the server 1 and to issue a 
purchase reguest for a commodity. Any of the user terminals 
4-1 to 4-N may be realized by a personal computer or a mobile 
communication terminal (such as a portable telephone) . 
[0045] The vendor terminals 5-1 to 5-N are used by 
respective vendors to register commodity image information 
such as size data or object data of a commodity as texture 
information into the server 1. The commodity image 

information may be produced by taking a picture of a commodity 
using a digital camera or the like. An order issued by a user 
is transmitted to a vendor via the server 1 and a 
corresponding one of the vendor terminals 5-1 to 5-N. 
[0046] Fig. 2 illustrates an example of a commodity 

information database including information about the commodity 
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image. All those data described above are registered in the 
server 1 via the vendor terminals 5-1 to 5-N. As can be seen 
from the example shown in Fig. 2, the commodity information 
database includes data indicating, for each commodity, a 
commodity name Ml, colors CI to CN, a size, an object data 
address, and a texture data address. 

[0047] The object data address and the texture data address 
indicate addresses of the object data and the texture data, 
respectively, on a storage device of the server 1, such as a 
hard disk drive, an MO (magneto-optical disk) and a memory 
device. One object data and one object data address are 
assigned to each commodity, while one texture data and one 
texture data address are assigned to each color. 
[0048] Fig. 3 illustrates an example of a texture database. 
As shown in Fig. 3, the texture database includes data 
indicating texture numbers T 1 to T n+m , texture addresses in the 
memory, and the texture addresses on the screen. 
[0049] Of the texture data shown in Fig. 3, the data of the 
texture numbers T 1 to T n are stored in the storage device. The 
data of the texture numbers T n+1 to T n+m , which have been 
uploaded by the user, are stored in the main memory (memory 
device) or the like of the server 1 together with the texture 
data of the texture numbers T 1 to T n read from the storage 
device. That is, the database shown in Fig. 3 is located in 
the main memory. A texture address in the memory indicates a 
location in the storage device of the server 1 at which 
texture data is stored and a location in the main memory at 
which texture data is stored. 

[0050] Herein, it is assumed that the texture data uploaded 
by the user are stored in the main memory and the other 
texture data are stored in the storage device. A texture 
address on the screen indicates a location, on the Web screen, 
of a texture specified by the user. More specifically, a 
texture address on the screen indicates the location on the 
screen at which a button used to select a texture is displayed 
Examples of such buttons are shown in Fig. 6, wherein buttons 
are denoted by T 1 to T n+m . If one of the buttons T 1 to Tn+m is 

selected by the user, a texture corresponding to the selected 
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button is identified by the location of the selected button. 
Thus, these buttons displayed on the screen serve as texture 
selection buttons. 

[0051] Fig. 4 illustrates an example of the history of 
purchases made by a user. The purchase history data is stored 
in both the server 1 and the user terminals 4-1 to 4-N. This 
allows users of the respective user terminals 4-1 to 4-N to 
view their own purchase history whenever they want to view it. 
The purchase history data includes data indicating a commodity 
name, a purchase date, a color, and a background texture data 
address. Herein, the background texture data address refers 
to an address in a storage device of the server 1 or the user 
terminals 4-1 to 4-N. 

[0052] Fig. 5 is a diagram illustrating an example of a 

browser screen 10 used to select a commodity. As shown in Fig. 
5, icons corresponding to commodities PRl to PR2 are displayed 
on the browser screen 10, and small buttons for selecting 
colors are disposed below the icons. If a user selects, for 
example, commodity PRl by clicking a corresponding icon, and 
if the user selects and clicks, for example, a color button 
"R" to specify a desired color, the color of the icon changes 
to the specified color. In response, data indicating the 
selection made by the user is stored in the memory of the 
server 1. Thereafter, if the user clicks an "OK" button 11, 
the server 1 reads information corresponding to the selection 
made by the user from the commodity information data shown in 
Fig. 2 and supplies the read information to the graphics 
engine 2 . 

[0053] The graphics engine 2 produces an image on the basis 
of the supplied information and adds a scale image thereto. 
The graphics engine 2 supplies the resultant image information 
to the server 1. The server 1 supplies the received image 
information to a corresponding one of the user terminals 4-1 
to 4-N. As a result, a browser screen such as that shown in 
Fig. 6 is displayed on the corresponding one of the user 
terminals 4-1 to 4-N. 

[0054] Fig. 6 illustrates an example of the browser screen 

12 displayed on the user terminals 4-1 to 4-N to allow users 
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to make confirmation. As shown in Fig. 6, an image of an 
object OB generated by the graphics engine 2 in accordance 
with the size information of the commodity is displayed in an 
area AR on the browser screen 12. 

[0055] If the user clicks one of the buttons corresponding 
to texture numbers Ti to T n , texture data of a corresponding 
one of the texture numbers T n to T n is transmitted to the 
graphics engine 2 via the server 1. The graphics engine 2 
regenerates an image so that the selected texture is employed 
as the background BG of the resultant regenerated image. The 
regenerated image is supplied to the corresponding one of the 
user terminals 4-1 to 4-N via the server 1 so that the image 
is displayed on the display of the user terminal. The 
background BG may be displayed in a three-dimensional fashion, 
if desired. In this case, a certain number of images with 
various textures may be prepared so that a user can select a 
texture that is most similar in design and color to the room 
of the user, and a three-dimensional image of the selected 
texture is combined with the image of the commodity. 
[0056] The user may upload to the server 1 from his/her 
user terminal (one of user terminals 4-1 to 4-N) an image of a 
wall or the like of the room taken via a digital camera or the 
like. In response, the uploaded image is displayed as one of 
the textures T n+ ]_ to T n+m on the browser screen 12 as shown in 
Fig. 6. In the specific example shown in Fig. 6, the texture 
image T n+m uploaded by the user is selected on the browser 
screen 12. In response to the selection made by the user, the 
image of the selected commodity, the scale image, and the 
texture image corresponding to the selected texture number 
T n+m are combined together and the resultant image is 
displayed on the browser screen 12. 

[0057] If desired, fine adjustment may be performed on 

texture data uploaded by a user so that the texture data 

matches the scale image. For example, image information 

indicating a scale may be included in texture data so that the 

texture data can be finely adjusted by comparing the scale of 

the texture data, indicated by the image information, with the 

scale of the scale image. The image information indicating 
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the scale of the texture data may be generated so as to 
represent, for example, a coin whose size is fixed and well 
known, or a ruler. Such image information may be incorporated 
into texture data, for example, by taking a picture of a wall 
or the like as a background BG together with a coin or a ruler 
using a digital camera or the like. 

[0058] While viewing the finally displayed image presented 

in the above-described fashion, the user can click the 
"purchase" button 13 to purchase the commodity. A "cancel" 
button 14 is provided for allowing a user to cancel the 
selection of the commodity and to view an image of another 
commodity. When one of these cancel buttons is clicked, the 
user is allowed to select another commodity. 

[0059] Now referring to the flow chart shown in Fig. 7, a 
commodity purchase assistance process and a commercial 
transaction using the electronic commerce system shown in Fig. 
1 are described. 

[0060] In step SI, the server 1 determines whether or not a 
commodity has been selected based on a command from some of 
user terminals 4-1 to 4-N. If "yes", the process proceeds to 
step S2. 

[0061] In step S2, the server 1 determines whether or not a 
color has been selected based on a command from some of user 
terminals 4-1 to 4-N to select a color. 

[0062] In step S3, the server 1 reads, from the commodity 

information database, information associated with the 
commodity selected by the user, that is, size data of the 
commodity, object data at a specified object data address, and 
texture data at a specified texture data address. The server 
1 supplies those data to the graphics engine 2. The server 1 
also supplies scale data and default background texture data 
to the graphics engine 2. 

[0063] The graphics engine 2 performs a conversion of the 

image into a desired perspective view and also performs a 
calculation associated with lighting to calculate coordinate 
data. Onto the resultant polygon formed from a group of 
calculated coordinate data, the texture data of the commodity 
is mapped. The graphics engine 2 combines the image of the 
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commodity, the scale data, and the background texture into a 
single image using a Z-buffer algorithm, a Z-sort algorithm, 
or the like and supplies the resultant display image to the 
server 1. Thus, the server 1 can supply the image, such as 
that shown in Fig. 6, to the user terminals 4-1 to 4-N. 
[0064] Herein, if the user designates the texture number 
T n+m on the Web screen shown in Fig. 6, background texture 
data corresponding to the designated texture number is 
supplied from the server 1 to the graphics engine 2. In 
response, as described above, the graphics engine 2 
regenerates an image including the background corresponding to 
the texture number T n+m as shown in Fig. 6 and supplies the 
resultant image to the server 1. Thus, the texture data 
uploaded by the user is employed as the background, as shown 
in Fig. 6. 

[0065] The object data must be generated in advance in 
accordance with the actual size of the commodity and the scale 
size so that the size of the object image matches the size of 
the area AR shown in Fig. 6 and also matches the scale image 
previously generated. 

[0066] Instead of generating the image of the commodity 
from the object data and texture data including a great number 
of polygon vertex coordinate data (x, y, z) , an image of the 
commodity obtained by taking a picture thereof using a digital 
camera may be used. In this case, it is required to take the 
picture of the commodity (and edit the picture) so that the 
picture of the commodity matches the area AR shown in Fig. 6 
and the scale image that has been generated in advance so as 
to match the area AR and stored in the server 1. 
[0067] In step S5, the server 1 determines whether or not 
any command has been issued from some of the user terminals 4- 
1 to 4-N. If "yes", the process proceeds to step S6. 
[0068] In step S6, the server determines whether the 
command issued by the user is a viewpoint change command. If 
"yes", the process proceeds to step S7. However, if "no", the 
process jumps to step S8. 

[0069] In step S7, the graphics engine 2 converts the 

current viewpoint into a viewpoint specified by the user via 
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his/her user terminal (one of the user terminals 4-1 to 4-N) . 
More specifically, the graphics engine 2 extracts coordinates 
of the object image that can be seen from the new viewpoint, 
and, based on theses coordinates, converts a 3-dimensional 
image into a 2-dimensional perspective view, and performs a 
calculation associated with lighting. Alternatively, the 
object image may simply be moved. In this case, the 
respective coordinates of the object data are simply changed 
by values corresponding to the movement amounts of portions of 
the object specified by the user via the controller or the 
like. 

[0070] In step S8, it is determined whether the "purchase" 
button 13 shown in Fig. 6 has been clicked. If "yes", the 
process proceeds to step S9. However, if "no", the process 
jumps to step Sll. 

[0071] In step S9, the server 1 supplies information of the 

commodity selected by the user, stored in the memory of the 
server 1, to a corresponding one of the vendor terminals 5-1 
to 5-N via the network 3. The information sent to the vendor 
includes information indicating the commodity name and the 
color thereof. Accordingly, on the basis of the received 
information, the corresponding one of the vendor terminals 5-1 
to 5-N makes, automatically or manually, preparation or 
arrangement for delivering the commodity. Thus, the commodity 
is delivered from the vendor to the user. 

[0072] In step S10, the server 1 determines whether an end 

command has been issued by the user or the user terminal has 
been logged out. If "yes", the process shown in the flow 
chart of Fig. 7 is ended. However, if "no", the process 
returns to step SI. In the case where the process returns to 
step SI, the selection screen such as that shown in Fig. 5 is 
displayed. 

[0073] In step Sll, the server 1 determines whether a 
"cancel" command has been issued by the user. If "yes", the 
process returns to step 1, thereby allowing the user to select 
another commodity. 

[0074] In the case where the answer is "no" in decision 

steps S5 or Sll, or in the case where the process has 
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proceeded to step S7 from step S6, the process returns to step 
S5. 

[0075] As described above, in the present embodiment, the 
user can select a commodity that well matches the user's room 
or the like without having to see the actual commodity and 
thus it is possible to prevent the troublesome job of sending 
the commodity back to a vendor or trouble in sending back the 
commodity . 

[0076] In the embodiments described above, the generation 
of images is performed by the processor 2. Alternatively, the 
generation of images may be performed by the user terminals 4- 
1 to 4-N. In this case, object data and text data are 
transmitted from the server 1 to user terminals 4-1 to 4-N. 
[0077] Those units or devices, in the server 1, for 

generating images, storing object data of commodities, and 
storing background texture data may be connected to the 
terminal 4 via the network 3 independently. The device for 
storing background texture data may be disposed in the 
terminal 4 (or may be connected to the terminal 4 via a cable) . 
[0078] As described above, the present invention provides a 
system that allows a user to obtain, via the Web system, 
detailed information about a commodity selected by the user 
and to see how the commodity looks when it is placed in a 
background specified by the user. 

[0079] Although the invention herein has been described 
with reference to particular embodiments, it is to be 
understood that these embodiments are merely illustrative of 
the principles and applications of the present invention. It 
is therefore to be understood that numerous modifications may 
be made to the illustrative embodiments and that other 
arrangements may be devised without departing from the spirit 
and scope of the present invention as defined by the appended 
claims . 
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